Objective: To describe the use of a computer education station placed within a pediatric emergency department.
torial completion. Residents were more likely to complete a tutorial during the day shift (22 [40%] of 55) compared with the evening shift (1 [7%] of 14) (P=.02). A third of the interactions were during evenings and weekends. The education station delivered 26.1 hours of instruction in total. Of 32 first-year pediatric and emergency medicine residents, 22 attempted the tutorials; 4 completed both, and 10 completed one. Allied health professionals were responsible for 28% of the total interactions. They were significantly more likely than medical trainees to have brief interactions, but they were no less likely to complete the tutorials (10 [22%] 
of 46 vs 31 [27%] of 115; P=.44).
Conclusions: Pediatric residents are willing to use an educational computer placed in the emergency department. Choice of form and content should take into account the likelihood of short interactions and the demonstrated interest of allied health professionals.
Arch Pediatr Adolesc Med. 2001; 155:129-134 C OMPUTER-AIDED instruction (CAI), delivered largely by CD-ROM and the Internet, has greatly increased the range of options available to residents for selfdirected learning. It offers many potential advantages, including scheduling flexibility; variable pace of learning; increased efficiency of learning; greater interactivity; and capacity for the use of sound, animations, and video. 1, 2 Computer-aided instruction has been shown to be generally more efficacious than traditional methods in many randomized, controlled trials. 3 Commercial development has increased greatly. Authoring software, which allows in-house development, has become easier to use. 2 Educational World Wide Web sites have proliferated as well. 4 The best ways to use these new teachingmethodshaveyettobedetermined. 5 Residents' attitudes toward CAI are generally positive. Even so, they rarely purchase educational software and few use medical education World Wide Web sites. 6 Several medical educators have called on program directors to take a more active role in promoting CAI in postgraduate medical education. 1, 7 Unfortunately,mostoftheseeffortshavebeen piecemeal instead of being an integral part of an overall curriculum designed to take full advantage of both computer and traditional teaching formats. 8 The pediatric emergency department (PED) is a notoriously difficult environment in which to teach residents and medical students. The shift-work nature of the clinical coverage decreases faculty and student availability. The same topic would have to be presented several times during a typical rotation to ensure that each trainee had covered each topic. Unpredictable patient flow makes it difficult to schedule teaching sessions during clinical hours. The variable, often seasonal, nature of patient presentation can render some trainees' experiences incomplete. This is especially true for diseases whose serious presentations are infrequently seen (eg, dysrhythmias, airway problems, and cervical spine fractures). Computer-aided instruction offers solutions to many of these problems. Its advantages in this setting are both logistic and educational. Logistic advantages include continuous availability, portability, and the capacity to track use. Educational advantages include adaptability to trainee's level and rate of learning, interactivity, immediacy, and consistency. 9 One of the most common methods of presenting CAI is the computer education station, where several computer-based learning materials are loaded into a conveniently located computer for use on a voluntary basis. 10 We are unaware of prior reports describing how trainees will use such a computer station. Using tracking software, we prospectively monitored use of an educational computer placed in a busy clinical setting. Our objective was to determine whether trainees would successfully use such a station on a voluntary basis.
RESULTS

RESIDENT USE
Twenty-eight emergency medicine and pediatric residents interacted 71 times with the computer tutorials during the 10-month study ( Table 1 ). The tutorials were most popular with the first-year residents. Ten completed 1 tutorial, and 4 completed both. Only 6 of 64 second-and third-year residents attempted the tutorials. Excluding interactions in which the resident did not advance beyond the instruction screens, the station delivered 26.1 hours of instruction to the residents.
The number and duration of individual interactions by the residents with each tutorial are shown in Figure 3 . The mean duration of the interactions was 22 minutes (SD, 18 minutes) and did not differ between the 2 tutorials. Of the 71 interactions, 15 (21%) lasted less than 5 minutes, although the tutorials were designed to last 30 minutes. In 11 (15%) of the 71 interactions, the resident did not progress beyond the instruction screens. 
SUBJECTS AND METHODS
SETTING
The Johns Hopkins Children's Center, Baltimore, Md, is a tertiary care academic institution affiliated with The Johns Hopkins School of Medicine. It supports a pediatric residency program of 66 residents. Internet access is provided throughout the hospital and at 3 workstations within the PED. The hospital has an extensive World Wide Web site 11 that lists many educational resources. The PED has an annual census of 26000 visits and is staffed by 6 full-time pediatric emergentologists.
SUBJECTS
We studied the station's use by pediatric and emergency medicine residents, medical students, and allied health professionals. Pediatric residents typically spend 6 to 8 weeks on rotation in the PED in each of their 3 years of training. First-and third-year residents have day (8 AM to 5 PM) and evening (5 PM tomidnight)shifts.Second-yearresidentshaveonlyevening (noon to midnight) and night (10:30 PM to 8 AM) shifts. Emergency medicine residents complete a mandatory 1-month rotation in their first year and may return in subsequent years. One to two medical students per month rotate through the PED doing day and evening shifts. Allied health professionals on staff include 27 nurses, 5 emergency medicine technicians, and 2 physician's assistants.
TUTORIAL CREATION
Two tutorials, entitled "Fever Without Source" (FWS) and "An Approach to the Interpretation of Cervical Spine Xrays" (CSXR), were written by one of us (M.V.P.) using authoring software (Multimedia Toolbook 4.0; Asymetrix Corporation, Bellevue, Wash). These topics were chosen because they are frequently encountered in pediatric emergency medicine and because they lend themselves to 2 different instructional strategies, which use the computer's advantages. The FWS tutorial allows the user to navigate easily within a large amount of textual material (Figure 1) . The CSXR tutorial uses computer graphics to demonstrate visual concepts (Figure 2 ). The tutorial content is aimed primarily at first-year pediatric residents but would also be appropriate for more senior and more junior trainees. Each tutorial was designed to take a first-year pediatric resident approximately 30 minutes to complete. Users can save their place in either tutorial for resumption at a later time.
TUTORIAL CONTENT
The FWS tutorial is based on the guideline by Baraff et al. 12 The entire text of the guideline is presented in the tutorial. In addition, an embedded minitutorial describes the fate of a cohort of children presenting with FWS using the probability assumptions underlying the expert panel's management recommendations. Also available to the user are the MEDLINE abstracts of 91 of the 113 references in the article. In all, 258 screens of information are available to the user: 101 in the main body of the tutorial, 66 in the minitutorial, and 91 reference abstract screens. There are 62 context-sensitive help screens and 26 navigation screens. The material is presented to the users in the same order as in the guideline, but users can navigate through the material in any order they choose. References can be accessed by clicking on the reference number in the text ( Figure 1A ). "Hot words" are used to embed definitions andfurtherinformationwithinthetextofthetutorial.Multiplechoice questions are also used to engage the user. The tutorial was inspected for face validity by 2 attending pediatricians. It was pilot tested on 10 medical students for comprehensibility and ease of use. Student questions and comments were used to improve the content and form of the tutorial.
The CSXR tutorial differs from the FWS tutorial in that it uses graphic images much more extensively. Quantitative However, a significant number of the interactions (24 [34%] of 71) were during evenings and weekends when didactic instruction would not normally be available. Only 2 interactions were during the night shift. The residents were off duty during 11 (17%) of 64 interactions for which schedule information was available. Residents starting the tutorial during the day shift were far more likely to complete the tutorial than were those who started during the evening, even though the mean duration of their interactions was similar. Survey information on computer access and experience was available for 21 of the 28 residents who attempted tutorials. Residents who completed at least one tutorial (12/21) were not different compared with those who did not for rate of computer ownership, Internet access at home, and use of medical education software in medical school.
Few residents took advantage of the 91 hyperlinked reference abstracts available in the FWS tutorial. In 4 of the 36 FWS interactions, 8 reference abstracts were accessed. The minitutorial embedded within the FWS tutorial was completed in half of the interactions.
USE BY OTHERS
Computer station use was not limited to residents ( Table 3) . As a group, medical students, nurses, and others interacted with the station more often than the residents did (90 vs 71 interactions). When contrasted with the medical trainees (medical students and residents), the allied health professionals (nurses and others) were more likely to have an interaction that lasted less than 5 minutes but were no less likely to complete a tutorial during a given interaction ( Table 4) .
COMMENT
Many head-to-head comparisons have shown computer-based learning materials to be as good as or better than traditional methods. 3 However, they are rarely integrated into the teaching curricula of undergraduate and postgraduate medical programs. 8 Part of the reason for this may be that they are usually presented in a voluntary, ad hoc fashion that does little to encourage the trainees to take ownership of the content. 8, 10 Our study examined whether instructional materials can be delivered despite these concerns.
x-ray films were obtained by examining medical records listing a discharge diagnosis of "cervical spine fracture." The x-ray films were digitized if they were thought to be of teaching value. We were able to find examples of all major fracture patterns. A tutorial was then created that presents a well-recognized approach to the interpretation of CSXRs 13 using the digitized films as examples. The tutorial presents 101 screens of information, including 20 different xray films. The user can navigate to any part of the tutorial using a map function. Wherever possible, the tutorial has been made interactive through the presentation of undiagnosed films (Figure 2) . The student is asked to use the mouse to indicate on a radiograph where the pathologic features might be and then given feedback that illustrates the teaching point to be made. An emergency physician and a pediatric radiologist inspected the tutorial for face validity. The tutorial was pilot tested on 5 medical students and 2 pediatric residents who were not subjects of this study.
IMPLEMENTATION
A computer (IBM compatible 486DX 66 MHz) with 16 megabytes of RAM and standard sound and video boards was installed in a "low-traffic" area suitable for quiet study. The computer does not offer access to either the hospital information system or the Internet. The 2 tutorials were made available on July 15, 1996. Use was tracked from then through April 30, 1997.
UTILIZATION TRACKING
To track tutorial use, we used the course management system that is part of the computer-based training edition of the authoring software used (Multimedia Toolbook 4.0). The users were required to "log on" under 1 of 5 categories: attending physician, nurse, resident, medical student, or other. Emergency medicine technicians and physician assistants used the "other" category. Once the user had completely logged on, the tutorial of his or her choice was presented. The software logged the time and date of each interaction, the user's category, the title of each tutorial screen, and the time it was accessed. We were thus able to recreate the user's path through the tutorial. Residents were, in addition, required to enter their hospital physician identification codes at log-on. This allowed us to track the number of times a given resident interacted with each tutorial.
Completion of a tutorial was defined as an interaction in which (1) the user completed 75% of the screens, which made up the main body of the tutorial; and (2) the user reached the summary screen at the end of the tutorial. Interaction duration was defined as the time that elapsed between logging on and logging off. To account for interruptions, if any screen was visited for more than 5 minutes, those minutes were subtracted from the calculated duration of interaction.
RESIDENT COMPUTER EXPERIENCE
We compared those residents who completed at least one tutorial with those who did not on 3 characteristics: computer ownership, whether they had Internet access at home, and whether they had exposure to medical education software in medical school. This information was collected by survey just before the start of the study. 6 
ANALYSES
Group differences for continuous variables that were not normally distributed were compared using the MannWhitney test. Group differences for categorical variables were compared using the 2 test. Statistical significance was defined as PϽ.05. The Institutional Review Board approved the study.
We determined the use of a computer education station placed in a PED. The station presented 2 tutorials, developed by one of us (M.V.P.), that would be of interest to residents on rotation in the emergency department. The tutorials were presented to the students as optional learning materials and not as an integrated part of the curriculum. By tracking tutorial use, we showed that instructional materials were indeed delivered to a significant proportion of the target population; however, many of the interactions failed and only half of the firstyear pediatric residents completed 1 of the 2 tutorials.
There were several limitations to our study. Because the tutorials were developed by one of us, it may be difficult to generalize our results to the education stations othersmayorganize.However,thetutorialswerebasedoncontent familiar to most pediatric emergency medicine practitioners. One tutorial was based on a standard pediatric emergency medicine textbook, 13 while the other was based on a widely recognized practice guideline. 12 Trainees might have been more willing to use the station if there had been a greater variety of materials available. For example, senior residents may have perceived that they were already familiar with the topics presented. Having residents log on under their own names made it possible for us to track their interactions with the station but may have altered their willingness to use the tutorials. The sample was relatively small, so that we may have missed statistically significant differences in our between-groups comparisons.
We expected our pediatric residents to be receptive to CAI because they have been shown to have a high rate of computer ownership (Ͼ60%) and a positive attitude toward CAI. 6 The culture of the institution is favorable to information technology, and the residents are required to use an electronic patient record. Most of the target (first-year) residents did attempt the tutorials. We were, however, disappointed that only a handful of second-and third-year residents did so. This may be because the second-year residents' shifts did not include the morning, which proved to be the most popular time for use of the station, and because the more senior residents had greater responsibility while in the PED. Integrating the computer tutorials into the curriculum of the trainees could increase participation because presenting the tutorials as a voluntary activity sends an implicit message that they are not valued as highly as other more traditional learning activities. 8, 10 A pleasant surprise was the willingness of allied health professionals to use the education station. They accounted for 29% (46/161) of the interactions and were as likely as medical trainees to complete a tutorial. A fixed education station within the PED could be an excellent vehicle for delivering instruction to allied health professionals.
We hoped that the computer education station would help overcome some of the scheduling difficulties associated with teaching within the PED. While weekday mornings were the most popular time, more than 34% (24/71) oftheinteractionswereoneveningsorweekends,timeswhen didactic teaching is difficult to schedule. While the computer station may have increased off-hours learning, it would be important to explore why the tutorial completion rate was lower during evening shifts compared with the day shift.
Many of the interactions were short. Thirty-seven percent (60/161) lasted less than 5 minutes. It may be that time pressures did not allow the user to interact meaningfully with tutorials designed to last 30 minutes. Most residents who completed the tutorials required more than one session to do so. Educational interventions designed to take into account possible short interaction times might be more effective for the pediatric resident on duty in the PED. The total amount of instruction delivered by the station (44.3 hours) during the 10-month study is low compared with the time required to develop the materials. This should be considered when allocating resources for such an undertaking. Use of off-the-shelf instructional CDROMs or Internet medical education sites may be more efficient. However, much of the development time was spent mastering the authoring software, so that development of future tutorials would be expected to take less time. In addition, this software, and other authoring platforms (eg, PowerPoint 97), have become easier to use and more powerful even since the start of this study. *Data are given as the number (percentage) unless otherwise indicated. The exact time of each shift is described in the "Subjects" subsection of the "Subjects and Methods" section.
†Day vs evening shift. 
